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Objective 


PRESENT PRaiHINARy RESULTS 

• STRESS - SraWN 

• mTERlAL PROPERTIES 


Ultimate Goal 


• ULTIKAATC <50AL.-AKiALVnCAL SlMUtAT!OM 



• VAUJAbUe FO^ 
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SILICON SHEET 


JPL Stress-Strain Effort 

• USE DdSTlNG FINITE QfMENT CODES 

• FlfXIBILITY IN GEOMETRY 

• TW/mOACHES 


I. QUASI-STATIC 


II. IN-PROCESS GRCmU 

NASTRAN 


ANSYS 

DR. C-F SHIH 


DR. C. P. KUO 


* TOTAL PROBLEM 

• STRESS, BUCKLING, WTERIAL NON-LINEARITY, CREEP, IMPERFEaiON > HINT'S CRITICAL? 

• PARAMETRIC STUDY — -> VARY ENGINEERING PARWfTERS 

> SUPPORT PROJEQ 


Quasi-Static 



SILICON SHEET 


, ^ I, — 



In-Process Growth 



Failure Considerations 

• HIGH FINN. f€SIDUAL SIEESS -> 

IWOLING PRQBLaC 

• HIGH IN-PRDCESS RESIDUA*. STRESS > 

DISLXATIONS > LGM EFFICIENCIES 

• BUCKLING -> DEFORMED PRDDUCrS -> 

INSTALWTION -J> BREAKAGE 
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Temperature Profile 
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SILICON SHEET 

OmoiNAL PAGE iS 
OF POOR QUALITY 

Finite Element Model of 4 x 2 in. Silicon Ribbon 
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Elastic Constant as a Function of Temperature (Burenkov) 
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SILICON SHEET 


OWGfNAL PAQi'.e 
OF POOR QUALITY 

Stress Contours and Their Corresponding Stress Levels 
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SILICON SHEET ORIGINAL PACtL iS 

OF POOR QUALITY 

L = 4 in., c = 1 in., t = 0.01 in., D = 0.07 in. 
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SILICON SHEET 




ch: 


First Five Buckling Modes of EFG Ribbon (D = 0.0 in.) 
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Buckling Mode Shapes at Melt Interface (x - 0) 
and Their Corresponding Eigenvalues 
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Influence of Young's Modulus (Sylwestrowica) 
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O^iC 

OF F'OCK ■> 

Buckling Mode Shapes at Melt interface (x = 0) 
and Their Corresponding Eigenvalues 
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Finite Elennent Model of 8 in, x 2 in. Silicon Ribbon 
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Temperat*r<) Profile 
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Temperature Profiles Across the Ribbon Width 
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Eigenvalues for Corresponding Temperature 
Profile Acting on a Dendritic Web (D = 0.07 in) 
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Eigenvalues of EFG Ribbon (D = 0.0 in.) 
Subjected to Two Temperature Profiles 
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Eigenvalues of EFG Ribbon With 
Constant Material Properties 
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Temperature Profiles Along the Ribbon Length 
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Eigenvalues of a Dendritic Web (D - 0.07 in.) 
Subjected to Two 1-D Temperature Profiles 
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Eigenvalues of Ribbons Subjected 
to Linear Temperature Profile 
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Summary: Linear Buckling Analysis 

1- PLAY AN inPOKTA’iT PANT IN THE RIBBON BUCKLING PROBLEM. 

2. AGa is not AN ADEUUATE DESIGN PARAMETER. 

3. BUCKLING MODE INCLUDES BOTH BEAN TYPE AND PLATE TYPE. 

4. DENORITES AFFECT THE THERMAL STRESSES AS WELL AS THE BUCKLING ANALYSIS. 

5. L - 4' MODEL PROVIDES SUFFICIENTLY GOOD RESULTS. 

6. NEED MORE RELIABLE DATA OF E(T) FOR 1000*C < T < 1400*C. 

7. EFFECT OF TEMPERATURE VARIATION ACROSS THE RIBBON WtDIH !! MORE SIGNIFICANT 
IN THE EF6 RIBBON. 

8. LINEAR TEMPERATURE PROFILE PROVIDES A SLIGHTLY HIGHER CRITICAL TEMPERATURE 
MULTIPLIER. A BETTER TEMPERATURE PROFILE SHOULD BE INVESTIGATED TO ACHIEVE 
ZERO STRESS (IF POSSIBLE). 
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Elastic-Plastic Stress-Strain Relationship 



Yield Stress vs Distance From Interface 
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SILICON SHEET ' - ; 

OF POOR v,.-..-...;. 

Residual Stresses on a Dendritic Web at Room Temperature (20°C) 
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OF. Poc.i / 

Geometrical Nonlinearity and Imperfection (5.0 x 10“^ in.) 
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Creep Analysis 

• CKEEP LAP 

£‘ = a o-^* t 


• KESULTS 
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SILICON SHEET 

ORIGINAL PAGL iS 
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(1A1ERIAL PROPERTIES ARE: 

(1) HOnCGENEOUS AND ISOTROPIC (NO CRACKING, DISLOCATIONS, ETC-) 

(2) nECHANICAL PROPERTIES OF SILICON BEUb A FUNCTION OF lEriPERAlUKE ONLY (NOT 
n FUNCTION OF STRESS OR STRAIN) 

(3) HAVING A BI-LINEAR STrESS-STRAIN CURVE (TRUE STRESS-STRAIN CAN HE USED) 

(N) HAVING A PRin.CRY AND A SECONDARY CREF» FUNCTION 



Cl, C 2 , C 5 , Ci(, C/, Cg, Cj 3 • CONSTANTS 
£ - EOOlVALENT STRAIN 
& • EQUIVALENT STRESS 
T ■ TEr.PfKATlIKE (AHSOLIITE) 


Methods, Criteria and Model Used in the Analysis 

(1) FINITE ELEMENT METHOD 

(2) ANSYS (GENERAL PURPOSE STRUCTURAL ANALYSIS PROGRAM) 

2-DIMENSIONAL ISOPARAMETRIC PLANE STRESS ELEMENT 
5-DIMENSlONAL ELEMENT 

CAPABILITIES; PLASTICITY, CREEP, LARGE DEFORMATION, ST --SS 
STIFFNESS. ETC. 

(3) MODEL: 

2* WIDE AND N' LONG STRIP 

29N D.O.F., 100 2-D PLANE STRESS OUADRALTERAL ELEMENTS 
20 3-D BEAM ELEMENTS (FOR DENDRITE) 

(N) CRITERIA; 

TEMPERATURE IS CONSTANT LATERALLY (ACROSS THE WIDTH) 
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